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The present invention relates in general to an optical disc drive apparatus for 
reading information from an optical storage disc. 

As is commonly known, an optical storage disc comprises at least one track, 
either in the form of a continuous spiral or in the form of multiple concentric circles of 
storage space where information may be stored in the form of a data pattern. Optical discs 
may be read-only type, where information is recorded during manufacturing, which data can 
only be read by a user. The optical storage disc may also be a writable type where 
information may be stored by a user. Typical examples of optical discs are,'for instance CD 



25 



For reading information from the storage space of the optical storage disc an 
optical disc drive comprises, on the one hand, rotating means for receiving and rotating an 
optical disc, and on the other hand optical means for scanning the storage track with an 
optical beam. Since the technology of optical discs in general, the way in which information 
canbe stored in an optical disc, and the wayin which optical data can be read from an optical 
disc, is commonly known, it is not necessary here to describe this technology in more detail. 

Said optical scanning means comprise a light beam generator device (typically 
a laser diode), an optical detector for receiving the reflected light reflected from the disc and 
for generating an electrical detector output signal, means for directing light from the 
generator towards the disc, and means for directing reflected light from the disc towards the 
detector. The reflected light is modulated according to the data pattern of the track under 
scan, which modulation translates into modulation of the electrical detector output signal. 

Usually, said directing means comprise a beam splitter. Figure 1 schematically 
* optical path in an optical disc drive 1. A laser 30 generates a light beam 31 
which is reflected over 90° by a beam splitter 40 (beam 32), reflects from the disc 2 (reflected 
beam 33), and passes the beam splitter 40 towards a detector 50 (passing beam 34) 
Alternatively, the layout may be such thatthe optical path is straight from laser to disc and 
mattes an angle of 90° from disc towards detector. 

A problem is that part ofthe reflected beam 33 does not follow the intended 
path towards the detecto,50 but is reflected back by the beam sphtter 40 towards the laser 30 
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(feedback beam 35), and will influence the operation of the laser 30 itself. This phenomenon, 
which is known per se, is indicated as Optical Feedback Noise (OFN). OFN causes a 
deterioration of the signal-to-noise ratio (SNR). 

In the art, OFN is suppressed by switching the laser ON and OFF at a very 
high switching frequency, which is called "read-modulation". The switching frequency, also 
called "modulation frequency", is selected well above the frequency range of the bandwidth 
of the data channel, in order to avoid interference with the data signal. In practice, a 
modulation frequency in the order of 300 - 500 MHz is common. 

A practical problem in this respect is the fact that the laser has a relatively 
large parasitic capacitance, A relatively large portion of the modulation current will flow in 
this capacitance instead of generating light. This portion, which will be called "blind current", 
does not contribute to the output light power, but does cause losses in the internal resistance 
of a driver producing the modulation current. 

According to an important aspect of the present invention, this problem is 
overcome or at least reduced by incorporating the laser capacitance in an LC oscillator 
circuit. In that case, the capacitive part of the modulation current can be provided 
substantially by cyclic current in the oscillator circuit, so that energy is substantially 
preserved in the oscillator circuit instead of being dissipated. 

These and other aspects, features and advantages of the present invention will 
be further explained by the following description of exemplary embodiments of a laser driver 
circuit according to the present invention with reference to the drawings, in which same 
reference numerals indicate same or similar parts, and in which: 

Figure 1 schematically illustrates components of a disc drive in order to 
illustrate the feedback noise problem; 

Figure 2 shows an electrical replacement diagram of a laser diode and a driver 

circuit; 

Figures 3A-B are graphs illustrating electrical characteristic of a laser diode 

device; 

Figure 4 is an electrical diagram illustrating a basic feature of the present 

invention; and 

Figures 5-8 are electrical diagrams illustrating different preferred 
embodiments of a driver circuit. 
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For illustrating the electrical behavior of laser diodes, figure 2 shows a 
replacement diagram of a laser diode device 30, coupled to a driver circuit 60. Electrically, 
the laser diode device 30 behaves as a series combination of a (substantially ideal) diode D L 
with a differential resistance R L , and a parasitic capacitance C L connected in parallel to said 
series combination. The laser device 30 has two terminals for electrical connection, indicated 
as anode terminal 37 and cathode terminal 38. 

The driver circuit 60 has supply terminals 61 and 62 for connection to a power 
supply PS. The driver circuit 60 has output terminals 63 and 64 connected to the anode 
terminal 37 and cathode terminal 38 of the laser diode device 30, respectively. Generally 
speaking, when the voltage at anode terminal 37 is sufficiently higher than the voltage at 
cathode terminal 38, a current will flow through the laser diode device 30 and laser light 3 1 
will be generated. 

Figure 3A is a graph schematically iUustrating a laser characteristic of light 
output power P OUT (vertical axis upwards) versus laser current I Iaser (horizontal axis). Below 
a threshold current I t , typically in the order of about 40 mA, the laser diode produces hardly 
or no light. If the laser current is even a few mA above the threshold current, the laser diode 
generates sufficient light for use in reading an optical disc. 

Figure 3A also shows a conventional mode of modulating the laser 30, 
wherein the laser is operated with a drive current comprising a DC current component I DC at 
a level substantially equal to the threshold current I, and an AC current component having the 
required modulation frequency and just a small magnitude, sufficient to suppress light 
generation in the current troughs and to permit light generation in the current crests. Curve 26 
illustrates such drive current (horizontal axis) as a function of time (vertical axis 
downwards); curve 27 illustrates the corresponding light signal generated (horizontal axis) 
a functon of time (vertical axis downwards). The duty cycle of this light signal is shown 
being substantially equal to 50%. 

In such operative mode, however, the constantly flowing DC current at level I t 
will cause a significant power consumption. 

Figure 3B is a graph similar to figure 3 A, but now iUustrating a different 
operative mode. The drive current 28 now has a DC current component I DC at a level 
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substantially lower than the threshold current I t . The AC current component has a 
correspondingly higher amplitude, so that the current crests extend to above the threshold 
current I t . The overall light output power will be substantially equal as compared to the mode 
illustrated in figure 3A if the area of the surface below the current crest and above the 
5 threshold current I t (hatched surface A2) is the same as in figure 3 A (hatched surface Al). At 
the same time, the lowest value of the current (deepest point of the troughs) has a 
substantially reduced current value, and can be equal to zero (modulation depth of 100%) 
when the DC current component I^c is at approximately 50% of the threshold current Ij. 
Then, the average current is reduced by half as compared to the mode illustrated in figure 3 A. 

1 0 However, in this case a relatively large capacitive current is generated in the parasitic 
capacitance Cl of the laser diode. 

Further, conventional drivers have a resistive characteristic, in which case this 
mode is relatively inefficient due to inductive and capacitive losses in the current palh to the 
laser. As a consequence, conventional drivers are not capable of feeding the laser 30 with 

1 5 voltage and current at levels higher than received from the power supply PS . 

Figure 4 illustrates the basic principle underlying the present invention. The 
driver circuit 60 comprises an inductance L, preferably implemented as a coil, incorporated 
in a current path between its output terminals 63 and 64, so that, in use, when a laser diode 

20 device 30 is connected to the output terminals 63 and 64 of the driver circuit 60, said 

inductance L and the parasitic capacitance Cl of the laser diode device 30 form part of a 
current path in which electrical energy can be exchanged in a resonant manner from 
inductance L to capacitance Cl and vice versa. Thus, the inductance L and the parasitic 
capacitance Cl are energy-exchanging components in an oscillator circuit 65. For sake of 

25 simplicity, other components of the driver circuit 60, for feeding power to said circuit 65, are 
not shown in figure .4. Further, the oscillator circuit 65 comprises at least one DC-blocking 
capacitor in series with the inductance L, which DC-blocking capacitors are also not shown 
for sake of simplicity. 

Once excited, the LC oscillator will continue to run, and a loop current 66 will 

30 flow back and forth, with only little losses, at a frequency determined by the total inductance 
and the total capacitance of the closed loop 65, as will be clear to a person skilled in the art. 

Said loop current 66 constitutes the AC current component of the laser drive 
current, such as the current 28 of figure 3B. An important advantage of the LC oscillator 
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circuit 65 is that electrical energy of this AC current component is substantially preserved 
within the circuit Apart from possible other current components, the power supply PS needs 
only to compensate the AC energy lost in the loop. The current required to sustain the 
oscillator circuit 65 can be much lower than the amplitude of the AC current flowing in the 
loop (typically, with an AC current magnitude in the order of about 50-60 mA, the required 
feeding current can be lower than 10 mA), while also the magnitude of the voltage signal at 
the driver output terminals 63, 64 can be higher man the input voltage received from the 
power supply PS at the driver input terminals 61, 62; this is not possible with a conventional 
resistive driver. 

However, the rectifying characteristic of the diode component of the laser 
makes it difficult to use a circuit as simple as the basic circuit of figure 4. 

In the following, preferred embodiments of the driver circuit will be discussed 
1 5 with reference to figures 5-7. 

Figure 5 illustrates a first preferred embodiment of a drive circuit 60 for the 
laser. This embodiment comprises aparallel combination of an inductor (coil) L and an 
inverter 71. A first capacitor 74 connects the input node 72 of the inverter 71 to a reference 
voltage (mass), for instance through second supply terminal 62. A second capacitor 75 
connects the output node 73 of the inverter 71 (via first output terminal 63) to the anode 
terminal 37 of the laser device 30, whose cathode terminal 38 is connected (via second output 
termxnal 64) to the same reference voltage (mass). Preferably, the two capacitors 74 and 75 
have similar capacitance, more preferably equal capacitance. A bootstrap diode 76 connects 
the anode terminal 37 of the laser device 30 (via first output terminal 63) to a positive voltage 
reference V* for instance 3.3 V, for instance through first supply terminal 61 . The inverter 
71 may have power supply terminals 71a and/or 71b, connected to the power input terminals 
61 and/or 62 of the driver 60 (these connections are omitted in figure 5 for sake of clarity) 
The inverter 71 can simply be implemented as a standard two-transistor inverter circuit. 

The parasitic capacitance C L , the inductance L, and the two load capacitors 74 
and 75 in combination constitute an LC oscillator circuit 70. As will be clear to a person 
skilled in the art, the LC oscillator 70 in this embodiment is implemented as a Pierce 
oscillator. Since such oscillators are well-known, an elaborate discussion of its operation is 
not necessary here. Briefly summarized, the operation is as follows. 
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When the input node 72 of the inverter 71 is high while the output node 73 of 
the inverter 71 is low, the second load capacitor 75 is charged to almost the positive voltage 
reference Vr via the bootstrap diode 76. The laser device 30 is off, since the anode voltage at 
anode terminal 37 is lower than the laser threshold voltage (about 4 V). 
5 At a certain moment, the voltage at the input node 72 of the inverter 71 has 

decreased sufficiently so that the output node 73 of the inverter 71 turns high. Then, the 
voltage at the anode terminal 37 of the laser device 30 will be the inverter output voltage plus 
the voltage over the second load capacitor 75, which is almost the positive voltage reference 
Vr. hi an exemplary embodiment, where the said positive voltage reference Vr is also supply 

10 voltage for the inverter 71, this supply voltage being 3.3 V for example, the voltage at the 

anode terminal 37 of the laser device 30 will be approximately 6 V, much higher than the 4 V 
threshold level of the laser. 

The supply voltage Vr, in combination with any voltage drop over the 
bootstrap diode 76, is selected to result in a DC voltage at the anode terminal 37 of the laser 

1 5 device 30 just below the threshold level of the laser device 30. During the half period when 
the output node 73 of the inverter 71 is high, the diode 76 is in a blocking condition and the 
power supply (see figure 4) provides no current other than a bias current for the oscillator 
circuit 70. Current will now flow from the second load capacitor 75 through the laser device 
30, charging the parasitic capacity Cl of the laser device 30. 

20 During the half period when the output node 73 of the inverter 71 is low, the 

laser device 30 is off. The second load capacitor 75 is charged from the parasitic capacity Cl 
of the laser device 30 and from the positive power supply through diode 76, as described 
above. The amount of current now provided by the positive power supply corresponds 
substantially to the amount of energy dissipated in the laser device 30, i.e. the DC part of the 

25 laser current. The relatively large AC current is substantially preserved in the LC oscillator 
circuit 70 established by the parasitic capacitance Cl, the inductance L, and the two load 
capacitors 74 and 75. This allows large modulation depth which in turn saves DC current in 
the laser device 30. 

It is noted that the oscillation frequency co of the oscillator circuit 70 is 

30 determined by the overall inductance Lt of the current loop and the overall capacity Or of the 
current loop, according to the formula co = 1/V(LtCt). 
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It is further noted that the quality factor Q of the oscillator circuit 70 is 

curen. loop, accoming to the fotmula Q = l/R s • V(IVC T ), whereto Rs represents the 
equivalent series resistance of the current loop. 

It is fimhernoted that increasing the capacitance of the load capacitom 74 and 
75 wul reduce the overal, capacity C T of the cunen. loop, and ma. increasing the inductrvity 
of the coil L wiU increase the overal. inductance I* of the ciuren, loop, so flu,, i, is possible 
to select surtable values in order to obtain a desirab.e frequency and a desirable quality factor 



K ^«ffl»^asecondpreft n ed<ma^^ 

T'lT. 30 - ^ ^ " • tan " '° *"» *— -» ~erence to riguT 
5, Wrth the bootsrtap diode now being replaced by a contrellable switch 80 which is 

control by the voltage a, a suitable one of the nodes in the osciUator 70. Art advantage of 

.5 such swrtch 80 over toe bootahap diode 76 is that toe ,oss caused by Are voltage drop oL me 

diode can be reduced or even eliminated, even at very high oscillation frequencies 

in figure 6, this switch SO is implemented as an NMOS FET having its source 

fheposiuvevoltagereference V R . A bias resistor 8. connects the gate of the FET to its drain 

fins capacitor 82, the gate of the FET Mows the vohage swing of the input node 72 of the 
—.71. When fire output node 73 of the inverter 71 is low, its input le 72 is £ 
h«Ke the voltage a, fire gate of the FET 80 is high to drive fire FET open so that fire second 

25 Z27 SO " W *°* l0SSBS «»* of 



limited*,,, T °'^ toa ^° nSkffledinthe ««-''hepresen«irtv raao n i anot 
lunrt*. to fire exemphuy embodiment discussed above, but ma, various variarions artd 

30 rrr* possiMe ^ *° protecave ■«*• «- - » «» 

appending claims. 

/"^-•^"^■■^notnec^iyhavetobeofmePiercetype 
fitted in figures 5 and 6: in principle, any type of oscillator can be used. By way of 
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alternative example, the oscillator may be implemented as a Colpitis oscillator, a Hartley 
oscillator, etc. 

Figures 7A-B illustrate embodiments based on a Colpitts oscillator. The 
embodiment of figure 7A is a common collector embodiment, comprising an NPN transistor 
90 having its emitter connected to laser terminal 37 through a first coupling capacitor 92. 91 
represents a bootstrap diode, comparable to diode 76. A second coupling capacitor 93 is 
connected between base and emitter of the transistor 90. The inductor L is connected between 
base and collector of the transistor 90. A current source 94 is coupled to the emitter of the 
transistor 90. A positive voltage source is connected to the collector of the transistor 90. 

The embodiment of figure 7B is a common base embodiment In this case, the 
positive voltage source is connected to the base of the transistor 90; the second coupling 
capacitor 93 is connected between collector and emitter of the transistor 90; and Ihe inductor 
L is connected between the collector of the transistor 90 and the positive voltage source. 

Since Colpitts oscillators are known per se, a description of the operation of 
the embodiments of figures 7A-B is omitted here. 

Figure 8 illustrates an embodiment based on the "undamping" principle. The 
configuration of the two transistors 95, 96 having their emitters connected together 
constitutes a differential amplifier, having an inverting output (collector of transistor 95) 
connected to its own non-inverting input (base of transistor 96). This is positive feedback. At 
the node of the output and input, a negative differential resistance is seen, which is connected 
in parallel to the oscillator loop, effectively compensating the resistive losses in the loop; i.e. 
"undamping". 
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1. Optical disc drive apparatus, comprising a laser device for generating a tight 

beam for optically reading data fromadisc, said laser device being incorporated in an LC 
oscillator circuit. 

5 2- Optical disc drive apparatus according to claim 1, wherein said LC oscillator 

circuit comprises a current path in which said laser device and an inductance, preferably 
implemented as a coil, are coupled in a series arrangement. 

3. 0pM ^ sc ^ vea PP^tusaccordmgtoclaim3,wheremsaidU: 

3 orou* comprises at least one capacitance coupled in series with said laser device and said 
inductance. 

4. Laser driver circuit for driving a semiconductor laser, having a first output 
tennmal and a second output terminal for connection to the anode terminal and the cathode 
terminal, respectively, of a laser to be driven; 

metaser driver circuit an indacta.ee having a. least one terminal coupled to at 

least one of said output terminals. 

5. L ^ ertoerc ^ tac ^dmgtoclaim4,furmer 

capacitance coupled between said inductance and said first or second output terminal 

respectively. 

«• Laser driver circuit according to any of claims 4-5, wherein said inductance 

has on. temnnal coupled to said first output terminal and has another terminal coupled to 
said second output teiminal. 

* ^^^^^gtoanyofclam^^finthercompriaingaone- 
way conductor coupled hetweon one of said outou, tormina* and a voltage reference, said 

one-way conductor preferably comprising a diode. 
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8. Laser driver circuit according to claim 7, wherein said one-way conductor 
comprises a controllable switch controlled by a signal derived from a voltage occurring at a 
location in a current path denned by said inductance and said output terminals, said location 

5 preferably corresponding to one terminal or a tap of said inductance. 

9. Laser driver circuit according to any of claims 4-8, further comprising an 
inverter coupled in parallel to said inductance. 

10 10 . Laser driver circuit according to any of claims 4-9, comprising an output stage 

implemented as an oscillator, for instance a Pierce oscillator, a Colpitis oscillator, a Hartley 
oscillator, coupled to at least one of said output terminals. 

1 1 . Light beam generating device, comprising a semiconductor laser driven by a 
15 laser driver circuit according to any of claims 4-10. 

12. Optical disc drive apparatus, comprising a laser driver circuit according to any 
of claims 4-10 or a light beam generating device according to claim 11. 
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An optical disc drive apparatus (1) comprises a laser device (30) for 
generating a light beam (3 1) for optically reading data from a disc (2). Said laser device (30) 
is electrically incorporated in a resonant circuit (70), which comprises an inductance CL) 
coupled to said laser device (30). 
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